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M.G.A. Norwood* and R.D. SayersVascular Surgery Group, Department of Cardiovascular Sciences, University of Leicester,
Robert Kilpatrick Clinical Sciences Building, Leicester Royal Infirmary, Leicester, UKIntroduction. Open repair of abdominal aortic aneurysm (AAA) requires aortic clamping. This results in an ischaemia-
reperfusion injury (IRI) which can lead to the development of the systemic inflammatory response syndrome (SIRS) and
multiple organ failure (MOF). We investigated the use of urinary albumin:creatinine ratio (ACR) as a simple predictor of
the development of complications (SIRS) postoperatively.
Methods. Forty-four patients undergoing elective infrarenal AAA repair and 10 control patients undergoing major
abdominal surgery had fresh urine samples taken before, immediately after and 24 h after the procedure. Urinary ACR was
calculated on all samples, and daily SIRS scores were calculated for all patients postoperatively. Systemic interleukin-6
(IL-6) levels were measured intraoperatively to measure the cytokine response to surgery.
Results. AAA patients demonstrated a characteristic pattern of ACR levels during the three time points, with a significant
increase in the ACR immediately postoperatively and with normalisation by 24 h (P!0.001 Wilcoxon signed ranks test). In
comparison, control patients did not demonstrate any changes in their ACR (PZ0.45 Wilcoxon signed ranks test)
suggesting the increased ACR in AAA patients to occur as a result of IRI. ACR did not correlate with the development of
SIRS postoperatively or with the systemic IL-6 response.
Conclusions. Infrarenal AAA repair is associated with a temporary and reversible renal injury. ACR could not, however, be
used as a predictor of complications postoperatively.Keywords: Aortic aneurysm, abdominal; Albuminuria; Reperfusion injury; Sepsis syndrome; Multiple organ failure;
Cytokines.Introduction
Open repair of abdominal aortic aneurysm (AAA)
requires a period of aortic clamping. This results in an
ischaemia-reperfusion injury (IRI), with a resultant
inflammatory response. Reperfusion-mediated release
of oxygen-free radicals such as superoxide ðOK2 Þ,
hydroxyl (OH) and hydrogen peroxide (H2O2), par-
ticipate in the initiation of this inflammatory response,
with subsequent activation of plasma-derived
mediators (complement, kinins, coagulation and fibri-
nolysis) and cellular derived mediators (cytokines,
eicosanoids, histamine and platelet activating factor).
IRI and the inflammatory response also have a direct
effect on endothelial cells and endothelial cell function,ng author. Mr Michael G.A. Norwood, MD, MRCS,
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vascular permeability. This has a number of important
effects including generalised tissue oedema and
pulmonary oedema. In the kidney, increased vascular
permeability is reflected by an increase in large
molecular weight plasma proteins such as albumin
appearing in the urine.1
If the inflammatory response is excessive, systemic
inflammation occurs (the systemic inflammatory
response syndrome or SIRS), which has a risk of
progressing to multiple organ failure (MOF).2 Once
MOF is established, there is an appreciable mortality.3
The ability to predict which patients are likely to
develop SIRS and MOF therefore has obvious benefits,
as it allows early identification of ‘at-risk’ patients.
However, as yet, no simple test exists, and thus the role
of urinary albumin:creatinine ratios (ACR) as a simple
predictor for the development of postoperative com-
plications is worthy of investigation.
Urinary ACR is a measure of the glomerularEur J Vasc Endovasc Surg 30, 353–358 (2005)
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M. G. A. Norwood and R. D. Sayers354permeability of the kidney to albumin. Under normal
conditions, albuminuria should not occur, as any
albumin crossing the glomerulus should be reab-
sorbed. However, these reabsorbtive mechanisms
work at near maximal capacity under normal con-
ditions, so even small increases in the glomerular load
of albumin will saturate the transport mechanisms,
leading to albuminuria.4 Traditionally, measurement
of ACR has been used as an investigative tool by
nephrologists and diabetologists in the assessment of
renal function, and in particular, in screening for
diabetic nephropathy. However, since the systemic
inflammatory response is known to affect glomerular
permeability, ACR has more recently been used as a
marker of renal function in sepsis and after inflamma-
tory states; where microalbuminuria occurs as part of
the inflammatory response secondary to increased
vascular permeability.5
For this study, ACR was specifically chosen as an
indicator of the patient’s response to IRI and inflam-
mation as it is a very sensitive (subclinical) marker of
organ damage that is reproducible, cheap and
straightforward to perform.
The aim of this study was therefore to investigate
the effect of AAA repair on renal function, and to see
whether changes in ACR correlated with, and there-
fore could be used to predict the development of
complications (SIRS) postoperatively.Methods
Fresh urine samples (20 ml) were obtained from all
AAA patients using sterile syringes at three defined
time points: (1) induction of anaesthesia, (2) after
30 min of reperfusion, (3) 24 h postoperatively. The
samples were transferred to sterile universal contain-
ers and stored at K80 8C for subsequent batch
analysis. To ensure fresh urine samples, each sample
was taken directly from the catheter itself and not the
catheter bag.
The urinary microalbumin concentration
(expressed in mg/ml) of each sample was measured
using the ‘Turbidimetric End Point Method’ (Olympus
Diagnostica GmbH, Germany). For this method, goat
anti-human albumin antibodies were added to the
urine sample, resulting in the formation of insoluble
aggregates between the human albumin and the goat
antibodies. The absorbance of the specimen was then
measured using an Olympus microalbumin calibrator,
and compared with a primary albumin standard. The
absorbance of the albumin–antibody aggregates was
proportional to the microalbumin concentration of the
sample. The ACR was calculated by dividing theEur J Vasc Endovasc Surg Vol 30, October 2005microalbumin value by the urinary creatinine concen-
tration. ACR was chosen in preference to urinary
albumin alone as it is a more accurate test,6 as it allows
correction for variation in urine flow.7
Systemic blood samples were taken from all AAA
patients at induction of anaesthesia, prior to aortic
clamping, prior to aortic clamp removal (ischaemia)
and after 30 min of reperfusion. Samples were taken
from an indwelling arterial catheter using sterile 10 ml
syringes. The samples were immediately transferred
to a sterile glass tube (containing EDTA—Becton-
Dickinson, UK) and placed on ice until the end of the
procedure. Samples were then centrifuged at 2200g,
the plasma removed in 500 ml aliquots, placed into
sterile cryovials (Sarstedt, UK), snap frozen and stored
at K80 8C for subsequent batch analysis. All samples
were analysed in duplicate using standard ELISA kits
(Biosource International, Inc. Nivelles, Belgium).
SIRS scores were calculated daily on all patients
using standard criteria,8 and postoperative compli-
cations were defined using the POSSUM
methodology.9
A group of control patients were also included.
These patients underwent surgery to the pancreas and
biliary tree, and therefore provided a group of patients
undergoing major abdominal operations without
ischaemia-reperfusion injury. These patients had
urine samples taken at induction of anaesthesia, 2 h
after the start of the procedure (corresponding to the
reperfusion sample in AAA patients) and 24 h after the
start of the procedure. Blood samples (for IL-6) were
taken at induction of anaesthesia and at 1 and 2 h after
the start of the procedure.
Analysis of data was performed using SPSS v 11.1.
As the ACR data was not normally distributed (Fig. 1),
it was described using the median value and inter-
quartile range (IQR). Non-parametric statistical tests
were used for analysis of the ACR data, including the
Mann–Whitney U-test (for comparison of two vari-
ables) and the Wilcoxon signed ranks test (for
comparison of more than two paired variables).ResultsChange in ACR
Forty-four AAA patients and 10 controls were
recruited. The majority demonstrated a characteristic
pattern in the way that the ACR altered during the
perioperative period, with an increase in the ACR
from baseline during reperfusion, and with the levels
returning to values similar to those of the baseline
Fig. 1. Histogram plot and standard curve of the albumin:
creatinine ratios for all AAA patients (44) and controls
(nZ10). The data is skewed to the left.
Fig. 3. Ratio change in the albumin:creatinine ratio (ACR)
from baseline, for both AAA patients and controls. This was
calculated by dividing the reperfusion and postoperative
values by the preoperative value for each patient. For control
patients, the reperfusion phase is 2 h after the start of the
procedure.
Albumin:Creatinine Ratio During AAA Repair 355values 24 h postoperatively. Control patients demon-
strated a similar pattern, but with much less change in
the ACR (Fig. 2). To account for variation in the
baseline (preoperative) ACR of individual patients,
the data is also displayed as the percentage change
from baseline values (Fig. 3). These results demon-
strate that AAA patients experience an increase in
their ACR during the operation by a factor of 6.8, with
normalisation of the ratio postoperatively. In compari-
son, the control patients only experienced a 1.5 times
increase in their ACR during the operative period.
Statistical analysis of the data revealed that during
reperfusion, the increase in the ACR compared with
baseline values was significant in AAA patients (P!
0.001 Wilcoxon signed ranks test) but not in controls
(PZ0.45 Wilcoxon signed ranks test). When compar-
ing the levels between the AAA patients and controls,Fig. 2. Change in the median albumin:creatinine ratio (ACR)
for AAA patients (nZ44) and controls (nZ10), at the three
stages. For control patients, the reperfusion phase is 2 h after
the start of the procedure.AAA patients experienced a significantly higher
change in the ACR compared with control patients
(PZ0.031 Mann–Whitney U-test).Outcome (development of SIRS)
To investigate whether the ACR correlated with the
development of SIRS postoperatively, patients were
divided into two groups depending on whether they
did or did not develop SIRS postoperatively. A Mann–
Whitney U-test was performed to investigate whether
patients that developed SIRS (SIRS score of 2, 3 or 4)
had a larger increase in their ACR compared with
patients that did not (SIRS score of 0 or 1). Patients that
did not develop SIRS had a median ratio increase in
their ACR of 10.1 mg/mmol creatinine (IQR 2.2–21.0)
compared with 10.0 mg/mmol creatinine (IQR 1.4–
16.9) in patients that did develop SIRS, therefore
demonstrating no significant difference (PZ0.15
Mann–Whitney U-test). There was no correlation
between the number of SIRS criteria and the ACR
(Fig. 4).
Regarding postoperative complications, 13 of the 44
AAA patients had a total of 19 postoperative compli-
cations (Table 1). There was no correlation between the
development of complications and ACR at
reperfusion.Interleukin-6 response
Patients demonstrated a characteristic IL-6 response to
surgery (Fig. 5). To investigate whether the change in
ACR correlated with the IL-6 data, a graph displaying
the systemic IL-6 concentration during the reperfusion
stage against the ACR during reperfusion (second
urine sample) was plotted (Fig. 6). These dataEur J Vasc Endovasc Surg Vol 30, October 2005
Fig. 4. The variation in ACR at reperfusion (expressed as the
ratio change in ACR) depending on the maximum SIRS score
(0–4) achieved postoperatively.
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the IL-6 response, as reflected by the low R2 value
(R2Z0.0021). The data was also examined by dividing
the patients into those that had an ACR greater than
the median ACR value for the group at the second
time-point (6.64 mg/mmol creatinine), and those that
had an ACR lower than themedian value. Patients that
had an ACR of greater than the median had a higher
mean IL-6 concentration (86.6 versus 74.8 pg/ml)
although this difference was not significant (PZ0.59,
95% CI for the difference K32.4 to 55.9, Student’s
t-test). A t-test was used in this instant as the IL-6 data
was normally distributed.Clamp time
To confirm that aortic clamp time per se was not
influencing the ACR, a scatter plot of the data, plotting
the ratio increase in ACR against the aortic clamp timeTable 1. Postoperative complications in the aneurysm group
Patient number Complication
Patient 1 Pneumonia, renal failure
Patient 2 Myocardial infarction, pneumonia
Patient 3 Ileus
Patient 4 Pneumonia, stroke
Patient 5 Bleeding, amputation
Patient 6 Cardiac failure
Patient 7 Renal failure
Patient 8 Pneumonia
Patient 9 Bleeding duodenal ulcer
Patient 10 Ileus, cellulites
Patient 11 Myocardial infarction, negative laparotomy
Patient 12 Myocardial infarction
Patient 13 Pneumonia
The reperfusion ACR value is given for each patient.
Eur J Vasc Endovasc Surg Vol 30, October 2005was performed (Fig. 7), which clearly demonstrates
that there is no correlation between the aortic clamp
time and ratio increase in the ACR intraoperatively.Discussion
These results indicate that in the majority of patients
undergoing AAA repair there is a significant rise in the
urinary ACR that normalises within 24 h. In compari-
son with control patients, AAA patients demonstrated
a significantly greater change in their ACR. As all
AAA patients in this study underwent repair of
infrarenal AAA, this transient increase in ACR is
likely to be related to aortic clamp-related IRI.
However, the ACR was not found to correlate with
the development of SIRS or the systemic IL-6 response,
therefore proving it to be of limited clinical value as a
predictor for postoperative complications.
Previous researchers have investigated the changes
in ACR during aortic surgery, and have demonstrated
similar trends.5 Similar trends have also been demon-
strated during other situations necessitating periods of
IRI, including femorodistal bypass surgery10 and
myocardial infarction.11 Researchers have also used
ACR as a tool for monitoring the inflammatory
response during various therapeutic interventions.
For example, the ACR has been shown to be
attenuated by giving mannitol prior to aortic clamp-
ing,12 by using an extraperitoneal approach to the
aorta13 and by endovascular repair of AAA,14 but not
with the use of antioxidants.15
With regard to the use of ACR as a predictive tool,
ACR has been demonstrated to be useful in the fields
of sepsis and critical care. De Gaudio et al.16 demon-
strated an immediate increase in ACR in postoperative
patients that developed sepsis compared to those that
did not, and also demonstrated that the ACR
correlated with the sepsis severity score (SOFA).ACR (mg/mmol creatinine) at reperfusion; normal range 0–3.5
6.3
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Fig. 5. The interleukin-6 (IL-6) response to AAA repair. Mean
IL-6 levels (pg/ml) are given, with error bars (G2 standard
errors) included.
Fig. 7. Scatter plot of aortic clamp time against the ratio
increase in ACR. A trendline (in red) is also given, with its
corresponding R2 value (for interpretation of the references
to colour in this figure legend, the reader is referred to the
web version of this article).
Albumin:Creatinine Ratio During AAA Repair 357ACR has also been shown to be higher in patients that
develop SIRS after femorodistal bypass.10 A high ACR
on admission to the intensive care unit has also been
shown to predict outcome as well as APACHE II and
SAPS II scores in surgical, trauma and burn patients,17
and predict a long hospital stay.18
In comparison to the findings by Spark et al.10 who
demonstrated ACR to be a useful predictive tool for
the development of SIRS after femorodistal bypass
surgery, the results from this study have not demon-
strated any correlation between the ACR and the
development of SIRS. Neither could any correlation be
made between the ACR and the systemic IL-6
response. The reasons for this are not clear. It isFig. 6. Scatter plot to demonstrate the correlation between
the systemic interleukin 6 (IL-6) concentration at reperfu-
sion, and the ACR at baseline. The ACR values used are the
ACR ratio change from baseline. A trend line (red) and R2
value is also given, confirming the low correlation (for
interpretation of the references to colour in this figure
legend, the reader is referred to the web version of this
article).possible that individuals may differ in their renal
responses to inflammation. The underlying renal
function may also be an important determinant of
the subsequent response to inflammation. This factor
was, however, intentionally corrected for, by specifi-
cally investigating the ratio change from baseline for
each individual patient. One further factor to be
considered is the potential effect of mannitol on these
results, as mannitol has been previously demonstrated
to affect the ACR.12 Of the patients studied, 16 (36%)
received intraoperative mannitol. The decision to give
mannitol was made by the anaesthetist and based on
the patient’s preoperative renal function and intrao-
perative urine output. On subsequent review of these
results, no significant difference (PZ0.706, Mann–
Whitney U-test) in the ACR was demonstrated
between patients that did or did not receive mannitol
(Table 2). However, as the decision to give mannitol
was not random, interpretation of the results is
therefore limited due to bias resulting from the
patients most at risk of renal dysfunction receiving
mannitol.
In comparison to AAA patients, the control patients
did not demonstrate any significant change in ACR
intraoperatively. There are a number of possible
explanations for this. Firstly, control patients were
not exposed to an IRI, and thereby one could
extrapolate from this that the cause of the increase inTable 2. The difference in the median albumin:creatinine ratios
(ACR) in patients that did or did not receive mannitol intraopera-
tively
Median ACR
(IQR)
P-value for the
difference
No mannitol (nZ16) 7.35 (2.17–23.67) 0.706
Mannitol (nZ28) 6.73 (3.19–15.88)
The interquartile range (IQR) is also given, and the P-value for the
difference (Mann–Whitney U-test) is also displayed.
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aortic clamping and the subsequent IRI and inflam-
matory response. However, control patients also
demonstrated an inflammatory response, as reflected
by the increased IL-6 levels postoperatively. Therefore,
it could be concluded that the change in ACR
experienced by AAA patients may solely be a
reflection of IRI per se, mediated by the effects of
oxygen-free radicals on the glomerulus. Alternatively,
the close proximity of the aortic clamp to the renal
arteries may cause a degree of renal impairment in
itself (although clamp time did not correlate with
ACR). It is also possible that patients with AAA are
more susceptible to renal damage.
In conclusion, these results have demonstrated that
AAA repair is associated with a significant and
reversible increase in the urinary ACR. The precise
reasons for this are, however, not clear. Urinary ACR
was not useful as a predictive tool for the development
of SIRS postoperatively.References
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